Introduction
As one of universal machines, large centrifugal fans have been broadly used in lots of departments of the national economy, such as cement stove ventilating system, mile ventilating system and so on. Centrifugal fan is important auxiliary equipment in many company, 30 percent of plant electrical consumption is consumed by it. So the research and optimization of centrifugal fan are important for the energy-saving of plant.
Numerous successful studies have been achieved using the CFD-based design process. T. Engin [1] studied the effects of tip clearance in a centrifugal fan using the CFD method. The simulation was performed with a commercial CFD code FLUENT, using a standard k-ε turbulence model, to obtain the complex three-dimensional flow field inside the centrifugal fan. Subsequently, the CFD results were compared with the experimental data. The maximum deviation between CFD and experiments is approximately 5%, which shows the good accuracy of the CFD prediction. Chen-Kang et al. [2] optimized the design of the blade and volute in a centrifugal fan using FLUENT, a commercial CFD software. The shape of the cutoff in the centrifugal fan was also optimized by Han and Maeng [3] using two-dimensional CFD analysis combined with a neural network. The performance curves and the detail of the flow field for each design of cutoff were obtained using CFD simulation and subsequently validated by experiments. Finally, neural network analysis was performed to determine the optimal angle and radius of the cutoff. Sheam-Chyun Lin and Chia-Lich Huang [4] numerically simulated the internal flow in a forward-curved blade centrifugal cooling fan used in a laptop computer. CFD and experimental validation were used for optimum studying of the flow under three blade angles. Visser et al. [5] employed potential flow approximation and CFD calculation to analyze and optimize a centrifugal pump impeller. The redesign of the blade angle resulted in a better cavitaion performance. Goto et al. [6] used an inverse design method and CFD to re-distribute the load on the vane of a pump diffuser. Both numerical simulation and experiment proved that the modification could suppress the flow separation and improve the pump performance.
Zhao Yu [7] analyzed the effects of blade inlet angle and impeller gap. He found that the blade inlet angle and the impeller gap play an important role for fan performance. YANG Sunsheng, KONG Fanyu and Chen Hao [8] researched effects of blade inlet angle on performance of pump as turbine, the results show that with the increase of blade inlet angle, its efficiency decreases at small flow rate and increases at large flow. In the article, the Effects of blade inlet angle on flow field of centrifugal fan is researched. The procedure of blade inlet angle analysis is shown in Fig.1 . 
Simulation Method and Theory

Basic Parameters of Impeller
In this research, we utilized an industrial centrifugal fan (shown as Fig.2 ) as the research target. Table 1 shows the main dimensions of the centrifugal fan impeller. Because the centrifugal fan is mainly affected by blade inlet angle β 1 , so β 1 is selected as optimization parameter. 
Computational Domain and Computational Grid
In this part, the three-dimensional centrifugal fan models were first built in PROE (computer-aided design software) and exported into *.x-t files. The *.x-t files were then imported into the mesh generator software (ICEM). In ICEM, model construction and split were processed. It consists of the inlet, impeller and the volute. In order to simulate the true inlet condition, an extended cylinder is added to the inlet region for the purpose of imposing the real inlet boundary conditions. Grid independency tests were investigated for each model researched in this part. The static pressure which is equal to the atmospheric pressure was then defined as the inlet boundary condition. The mass flow rate was given as outlet boundary condition. Unstructured tetrahedral cells are used for the meshing of impeller and volute, while hexahedron cells are used for the meshing of inlet region. The grid number of the original centrifugal fan discussed in this study is listed in Table 2 . A general view of the geometry and grids is shown in Fig.3 . Figure 3 . Meshes of the Centrifugal Fan.
Results and Discussions
Processing of Results
The fan performance is described by parameters such as total pressure rise, shaft power (or called brake power), and efficiency at different given flow rates. The total pressure rise (or called total pressure of the fan) is defined as the average total pressure difference between the inlet section (entrance of the inlet ring) and the outlet section (exit of the scroll) of the fan. The average total pressure of a section is calculated with mass flow rate weighted average from all of the cells on that section.
The total pressure is defined as the average total pressure difference between the inlet section and the outlet section of the fan. The calculation equation is shown as follows:
where * out P is the outlet total pressure, Pa; * in P is the inlet total pressure, Pa. The efficiency is defined as follows:
where Q is the volume flow, m 3 /h; W is the shaft power, W.
According to the optimization problem, the multi-objective optimization can be written in the below: Fig.4 is the centrifugal fan efficiency curve figure under 6 different blade inlet angles with the flow rate is between 80kg/s and 140kg/s. As can be seen from the figure, efficiency curves of 6 different centrifugal fans are basically the same, that is to say, with the increase of the flow rate, the efficiency first increase then decrease, when the flow rate is smaller than the turning point, the centrifugal fan efficiency is decrease with the increase of blade inlet angle under the same flow rate, when the flow rate is larger than the turning point, the centrifugal fan efficiency increases with the increase of blade inlet angle under the same flow rate. With the increase of the blade inlet angle, the slope of centrifugal fan efficiency curve is becoming more and more small (that is to say the change is more and more slowly). 5 is the centrifugal fan total pressure curve figure under 6 different blade inlet angles with the flow rate is between 80kg/s and 140kg/s. As can be seen from the figure, total pressure curves of 6 different centrifugal fans are basically the same, that is to say, with the increase of the flow rate, the total pressure decrease, with the increase of the blade inlet angle, the trend of the centrifugal fan total pressure decrease with the flow rate increase is becoming more and more small. When the blade inlet angle is equal to 30 degree, the trend of the centrifugal fan total pressure decrease with the flow rate increase is the fastest. When the blade inlet angle is equal to 40 degree, the trend of the centrifugal fan total pressure decrease with the flow rate increase is the slowest. When the flow rate is greater than 100kg/s, as can be seen from the figure, the total pressure increases with the increases of blade inlet angle under the same flow rate. As can be seen from Fig.6 , with the increase of flow rate, the output power of centrifugal fan under different blade inlet angle first increase then decrease, when the flow rate is larger than 100 kg/s, with the increase of blade inlet angle, the output power of centrifugal fan increase.
As can be seen from Fig.7 , with the increase of flow rate, the shaft power of centrifugal fan increase gradually, the shaft power increase with the increase of blade inlet angle under the same flow rate. 
Conclusions
The flow field inside centrifugal fans with different blade inlet angel has been numerically simulated. Using a commercial CFD code CFX, with the realizable k-epsilon turbulence model, the following conclusions are presented:
(1) With the increase of blade inlet angle, its efficiency and output power decrease at small flow rate and increases at large flow.
(2) The total pressure and shaft power increase with the increase of blade inlet angle.
